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(54) SURFACE ACOUSTIC WAVE FILTER 

(57) A surface acoustic wave filter having a first sur- 
face acoustic wave resonator 10 which is a two-port res- 
onator utilizing longitudinal mode coupling and a 
second surface acoustic wave resonator 20 connected 
to a series arm of the first surface acoustic wave reso- 
nator 10 on a piezoelectric substrate. The duty of the 
second surface acoustic wave resonator 20 is set to be 
smaller than the duty of the first surface acoustic wave 
resonator 10. Consequently the reflectance per elec- 
trode finger of the second surface acoustic wave reso- 
nator 20 can be smaller than that of the first surface 
acoustic wave resonator 10. Therefore, even when the 
effect of the inductance component is added to the 
characteristics of the second surface acoustic wave res- 
onator 20, the increase of the difference between the 
resonance frequency f r and the anti-resonance fre- 
quency f ar can be suppressed. Therefore, the filter loss 
is low at the high frequency side of the pass band of the 
surface acoustic wave filter, and an excellent attenua- 
tion characteristics are obtained in a vicinity of the high 
frequency side of the pass band. 
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Description 

Technical Field 

[0001] The present invention relates to a surface 
acoustic wave filter utilizing surface acoustic waves, in 
particular to a surface acoustic wave filter that has a 
two-port acoustic wave resonator utilizing longitudinal 
mode coupling and a surface acoustic wave resonator 
connected thereto and formed on the same piezoelec- 
tric substrate therewith. 

Background art 

[0002] RF SAW (Surface acoustic wave) filters 
employed in vehicle telephones and portable tele- 
phones have pass bands mainly in the frequency range 
of from several hundred MHz to several GHz. The fre- 
quency and the necessary frequency bandwidth 
depend on the mobile telephone system being 
employed. In general, the bandwidth is required to be 
several percent in terms of specific bandwidth. 
[0003] In addition, a low insertion loss is required 
for the SAW filters employed in these mobile telephones 
or the like. Therefore, the following SAW filters have 
been dominantly used for these applications. These are 
ladder type filters in which SAW resonators are con- 
nected in ladder as disclosed in Japanese Patent Laid- 
open Application No. HEI 5-183380, longitudinal mode 
coupled resonant SAW filters in which a plurality of inter 
digital transducers (IDTs) having comb-shaped elec- 
trodes are put between reflectors as disclosed in Japa- 
nese Laid-open Application No. HEI 4-207615, and a 
combination of these two type filters. 
[0004] Any one of the SAW filters mentioned above 
can realize filters of relatively small insertion loss. When 
these SAW filters are employed in RF filters of portable 
telephones, piezoelectric substrates possessing rela- 
tively large electromechanical coupling factor k 2 such as 
36° Y-X LiTa0 3 , 64° Y-X LiTa0 3 , 41° Y-X LiTa0 3 , or like, 
have been widely used. The reason is that the possible 
pass bandwidth of these SAW filters largely depends on 
the electromechanical coupling factor k 2 of piezoelectric 
substrates formed thereon. 

[0005] These piezoelectric substrates, however, 
have the following disadvantages. The conversion loss 
from a surface acoustic wave to a bulk wave on a sub- 
strate of these piezoelectric substrates increases as the 
thickness of the conductive films forming IDTs or reflec- 
tors increases. For this reason, the SAW filters show a 
large insertion loss when the filters are formed with an 
increased film thickness. On the other hand, when the 
film thickness decreases, the electrical resistance of the 
electrodes forming IDTs on the piezoelectric substrate 
increases. Therefore, the filters show a large insertion 
loss also when the filters are formed with a decreased 
film thickness. Thus there is a range of its optimum val- 
ues for the conductive film thickness h formed on one of 



these piezoelectric substrates. The range of the opti- 
mum values in terms of normalized film thickness (h/X) 
normalized by the wavelength X of the SAW that propa- 
gates on the piezoelectric substrate is approximately 

5 several percent (approximately 3 to 8 percent). 

[0006] Normally, a SAW filter in which a two-port 
SAW resonator utilizing longitudinal mode coupling and 
another SAW resonator are connected, is formed by 
patterning a conductive thin film for instance Al thin film 

w or slightly Si and Cu containing Al film or like on a piezo- 
electric substrate. Then the two SAW resonators are 
formed with the same film thickness. 
[0007] The bandwidth of the frequency pass-band 
required for the mobile communication system is broad 

15 such that the width is approximately several percent in 
terms of specific bandwidth. Therefore, the two-port 
SAW resonator utilizing longitudinal mode coupling is 
formed on a piezoelectric substrate possessing high 
electromechanical coupling factor k 2 chosen from the 

20 substrates described above with a normalized conduc- 
tive film thickness in the prescribed range. In addition, 
the electrode finger width W divided by the disposed 
electrode finger pitch P (W/P, abbreviating as a duty 
hereinafter) is set at approximately 50 to 65 percent for 

25 the purpose of reducing insertion loss in many cases. 
[0008] The SAW resonator connected to the two- 
port acoustic wave resonator has an effect of attenuat- 
ing signals in the vicinity of the two-port SAW resonator 
pass band. Since the transmission band and the recep- 

30 tion band are located in a very close vicinity in mobile 
communication systems, the SAW resonator connected 
to the two-port SAW resonator is largely used in order to 
have the filter characteristics of attenuating either one of 
the transmission band or the reception band. 

35 [0009] The SAW resonator connected to the two- 
port SAW resonator utilizing longitudinal mode cou- 
pling, however, is formed with the same film thickness 
as that of the two-port SAW resonator in which broad 
bandwidth is required. Accordingly, the SAW resonator 
40 connected to the two-port SAW resonator is apt to have 
a relatively large frequency difference between the res- 
onance frequency and the anti-resonance frequency 
thereof. 

[0010] In addition, since the wiring of the two-port 
45 SAW resonator utilizing longitudinal mode coupling is 
relatively complicated in its structure, the wiring carries 
a certain amount of inductance component. Other 
inductance components are added by the package, the 
bonding wire and so on. 
so [001 1] As these inductance components are loaded 
to the SAW resonator connected to the two-port SAW 
resonator, the substantial frequency difference between 
the resonance frequency and the anti-resonance fre- 
quency of the resonator further increases. 
55 [0012] The SAW resonator connected to a series 
arm of the two-port SAW resonator can obtain steep 
attenuation characteristics at the anti-resonance fre- 
quency and pass characteristics at the neighborhood of 
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the resonance frequency of the connected oscillator. 
When the SAW filter is required to have an attenuation 
band at a frequency range in the vicinity of the high fre- 
quency side of the pass band, the anti-resonance fre- 
quency of the series arm SAW resonator is needed to 5 
locate in a vicinity of a low frequency edge of the atten- 
uation band. 

[0013] In this case, there is no problem when the 
resonance frequency of the SAW resonator connected 
to a series arm of the two-port resonator is located 10 
approximately at the center of the pass band of the two- 
port SAW resonator utilizing longitudinal mode cou- 
pling. However, when the resonance frequency of the 
SAW resonator connected to the two-port SAW resona- 
tor shifts towards the lower frequency side of the pass 15 
band, the filter loss at the high frequency side of the 
pass band increases. As the result, the pass band char- 
acteristics of the SAW filter as a whole have pass band 
characteristics having unfavorably dull shoulder. That is 
to say, the SAW filter loss at the high frequency side of 20 
the pass band becomes large in the case when the filter 
is required to have an attenuation band at a frequency 
range in the vicinity of the high frequency side of the 
pass band. 

[0014] The present invention is carried out to solve 25 
these problems. 

[001 5] The object of the present invention is to pro- 
vide a SAW filter having low loss and excellent cut-off 
characteristics, in particular to provide a SAW filter for 
mobile communication applications excellent in attenua- 30 
tion characteristics in the vicinity of high frequency side 
of a pass band. 

Disclosure of Invention 

35 

[0016] A SAW filter of the present invention com- 
prises a SAW filter, comprising a piezoelectric sub- 
strate, a first SAW resonator disposed on the 
piezoelectric substrate so as to have a first duty, the first 
SAW resonator being a two-port SAW resonator utiliz- 40 
ing longitudinal mode coupling and having IDTs each 
comprising a pair of comb-shaped electrodes, and a 
second SAW resonator on the piezoelectric substrate 
so as to have a second duty smaller than the first duty, 
the second SAW resonator being connected to a series 45 
arm of the first SAW resonator on the piezoelectric sub- 
strate and having an IDT comprising a pair of comb- 
shaped electrodes. 

[0017] The first duty and the second duty can be 
adjusted so that reflectance per electrode finger consti- so 
tuting the IDT of the second SAW resonator becomes 
smaller than that of the first SAW resonator. 
[001 8] In addition, the first duty and the second duty 
can be adjusted so that the electromechanical coupling 
factor of the IDT of the second SAW resonator coupled 55 
with the piezoelectric substrate becomes smaller than 
that of the IDT of the first SAW resonator coupled with 
the piezoelectric substrate. 
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[0019] Further, the wiring connecting the first SAW 
resonator having three or more of IDTs and the second 
SAW resonator can be disposed so as to go around a 
pad which is connected to a ground side electrode of at 
least one IDT electrode pair of the first surface acoustic 
wave resonator. Then, an increase of the frequency dif- 
ference between the resonance frequency and the anti- 
resonance frequency of the second SAW resonator can 
be avoided. 

[0020] For the piezoelectric substrate, a 36° Y-cut 
X-propagation LiTa0 3 substrate can be used. Other pie- 
zoelectric substrates, for instance, such as 64° Y-cut X- 
propagation LiTa0 3 , 41° Y-cut X-propagation LiNb0 3 , 
45° X-cut Z-propagation Li 2 B 4 0 7 , or the like can be 
used. 

[0021] In addition, when a 36° Y-cut X-propagation 
LiTa0 3 substrate or a piezoelectric substrate equivalent 
with this is used, the film thickness of electrodes consti- 
tuting the first and second SAW resonators is preferable 
to be in the range of from approximately 6 percent to 
approximately 8 percent in terms of normalized film 
thickness (h/X), and the first duty is preferable to be in 
the range of from approximately 45 percent to approxi- 
mately 60 percent and the second duty is in the range of 
approximately 45 percent or less. Thus, a SAW filter 
having excellent frequency characteristics can be 
obtained. 

[0022] Namely, the SAW filter of the present inven- 
tion comprises a two-port first SAW resonator utilizing 
longitudinal mode coupling disposed on a piezoelectric 
substrate and a second SAW resonator connected to a 
series arm of the first SAW resonator. Here, the duty 
(electrode finger width /electrode finger pitch) of the 
second SAW resonator is made smaller than the duty of 
the first SAW resonator. 

[0023] By adopting this SAW filter constitution of the 
present invention, the reflectance per electrode finger of 
the second SAW resonator can be set smaller than that 
of the two-port first SAW resonator utilizing longitudinal 
mode coupling to which the first SAW resonator is con- 
nected. Accordingly the frequency difference between 
the resonance frequency f r and the anti-resonance fre- 
quency f af can be made small even when effects of 
inductance components are added to the characteris- 
tics of the second SAW resonator. As a result, the loss 
increase at the high frequency side of the SAW filter 
pass band can be reduced and an excellent attenuation 
characteristics in the vicinity of high frequency side of 
the pass band can be obtained. In addition, a high pro- 
ductivity of the SAW filters can be obtained since there 
is no need for changing the film thickness between the 
first SAW resonator and the second SAW resonator. 
[0024] The present invention avoids an unfavorable 
effect due to inductance components added to the sec- 
ond SAW resonator by making the values of the electro- 
mechanical coupling factor k 2 and the reflectance small. 
Practically, the duty of the second SAW resonator is 
made smaller than that of the first SAW resonator so as 



3 



5 



EP 0 998 039 A1 



6 



to make the reflectance per electrode finger of the sec- 
ond SAW resonator be smaller than that of the first SAW 
resonator. Moreover, a similar effect can be obtained, 
for instance, by making thinner the film thickness of the 
electrode constituting the second SAW resonator. In 5 
this case, each film thickness of the resonators is 
required to adjust individually for a plurality of SAW res- 
onators disposed on the same piezoelectric substrate. 
Accordingly, fabrication process of SAW filters becomes 
sophisticated sacrificing their productivity. The SAW fil- 10 
ter of the present invention having the same film thick- 
ness h for the first SAW resonator and second SAW 
resonator can be produced with a high productivity. 

Brief Description of Drawings 15 
[0025] 

Fig. 1 is a diagram showing schematically a SAW 
filter constitution of the present invention; 20 
Figs. 2A, 2B and 2C are diagrams showing sche- 
matically relationships between the frequency and 
the reactance jX of the second SAW resonator; 
Fig. 3 is a diagram for explaining a duty of an IDT; 
Fig. 4 is a diagram showing one example of the fre- 25 
quency characteristics of a SAW filter of the present 
invention; 

Fig. 5 is a diagram showing simulated results show- 
ing the duty and the normalized film thickness on 
36° Y-cut X-propagation LiTa0 3 substrate vursus 30 
the reflectance by using a finite element method; 
Fig. 6 is a diagram schematically showing another 
SAW filter example of the present invention. 

Best Mode for Carrying Out the Invention 35 

[0026] In the following, SAW filters of the present 
invention will be explained in more detail. 

(Embodiment 1) 40 

[0027] Fig. 1 is a diagram showing schematically a 
constitution of a SAW filter of the present invention. 
[0028] In this SAW filter, a first SAW resonator 10 
formed on a piezoelectric substrate 100 and a second 45 
SAW resonator 20 connected to a series arm of the first 
SAW resonator 10 are interposed between input and 
output terminals. The first SAW resonator 10 is a two- 
port SAW resonator utilizing longitudinal mode cou- 
pling. The second SAW resonator 20 is a one-port SAW so 
resonator. 

[0029] Both the first SAW resonator 1 0 and the sec- 
ond SAW resonator 20 comprise IDTs having inter- 
leaved comb-shaped electrode pair arrangements and 
reflectors formed in grating structure. 55 
[0030] The first SAW resonator 10 is connected to 
an input pad 11. The first SAW resonator 10 comprises 
the IDTs 12a and 12b converting electrical signals sup- 



plied to the input pad 11 to SAWs, the three IDTs 13a, 
13b and 13c receiving the SAWs excited by the IDTs 
12a and 12b to convert to electrical signals, and reflec- 
tors 14a and 14b positioned so as to put these IDTs 
between the reflectors. 

[0031] The second SAW resonator 20 comprises 
receiving IDTs 13a, 13b and 13c, an IDT 16 connected 
through wiring 15a, 15b and 15c, and reflectors 17a and 
17b positioned so as to put the IDT 16 between the two 
reflectors. One IDT of the IDT 16 is connected electri- 
cally to an output pad 18. 

[0032] The input pad 11, an output pad 18, and 
ground pads 19a, 19b, 19c, 19d and 19e, are connected 
to an external circuit of an envelope or others by bond- 
ing wires via conductive bumps that are not shown in 
the figure. 

[0033] Inductance components due to a bonding 
wire connected to the bonding pad 18 and due to wiring 
from the two-port first SAW resonator utilizing longitudi- 
nal mode coupling 10 via 15a, 15b and 15c are added to 
the second SAW resonator 20. 

[0034] Figs. 2A, 2B and 2C are diagrams showing 
relationship between the frequency and the reactance 
components jX of the second SAW resonator 20 quali- 
tatively. Fig. 2A shows the reactance component of the 
second SAW resonator 20 itself. Fig. 2B shows the net 
reactance component corresponding to the added 
inductance components. Fig. 2C shows the reactance 
component corresponding to the net inductance compo- 
nents of the second SAW resonator itself and added 
inductance components. In these figures, the ordinate 
scales are not the same. 

[0035] From Fig. 2A, Fig. 2B and Fig. 2C, it is 
shown that the frequency difference between the reso- 
nance frequency f r and the anti-resonance frequency f ar 
of the second SAW resonator 20 becomes larger by 
adding the inductance components. 
[0036] Here, the location of the anti-resonance fre- 
quency f ar is determined by the frequency region where 
signal attenuation is required in the vicinity of the high 
frequency side of the pass band. Accordingly, if the res- 
onance frequency f r shifts excessively towards lower 
frequency side, the reactance component increases at 
the high frequency side of the pass band due to the 
inductance of second SAW resonator itself and the 
added inductance, and therefore the filter loss 
increases there. 

[0037] In order to reduce such loss increase, the 
first SAW resonator 10 and the second SAW resonator 
20 are formed on a piezoelectric substrate so that the 
duty of the second SAW resonator 20 becomes smaller 
than that of the two-port first SAW resonator utilizing 
longitudinal mode coupling 10 in the SAW filter of the 
present invention. 

[0038] Fig. 3 is a diagram for explaining the duty. An 
IDT 30 is constituted of electrode fingers 32 connected 
to bus bars 31. Here, the ratio of an electrode finger 
width W and electrode finger pitch R W/R is designated 
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as a duty. The SAW filter of the present invention is con- 
structed such that the ratio (electrode finger width 
W)/(electrode finger pitch P) of the second SAW reso- 
nator 20 becomes smaller than that of the first SAW res- 
onator 10. 5 

[0039] In the SAW filter illustrated in Fig. 1 as an 
embodiment of the present invention, the the two-port 
first SAW resonator utilizing longitudinal mode coupling 
10 is formed to have a duty of approximately 50 percent. 
On the other hand, the second SAW resonator 20 is 10 
formed to have a duty of approximately 40 percent. 
[0040] By adopting such constitution, the reflect- 
ance of SAW (including leaky SAW, SSBW or the like) 
per electrode finger can be reduced and then the fre- 
quency difference between the resonance frequency f r 15 
and the anti-resonance frequency f ar of the SAW reso- 
nator 20 connected in series decreases. 
[0041] Fig. 4 is a diagram showing an example of 
frequency characteristics of a SAW filter of the present 
invention. Here, performances of a SAW filter that is 20 
used as a Tx (for transmission use) filter of a PCS (Per- 
sonal Communication System) illustrated in Fig. 1 is 
taken as an example for explanation. The ordinate scale 
given at the left side is applied for the entire profile and 
that given at the right side is applied for the enlarged 25 
profile of the pass band in Fig. 4. 
[0042] The center frequency of this SAW filter is 
1880 MHz, and the bandwidth required for this system 
is 60 MHz. The receiving bandwidth of this system is 60 
MHz having the center frequency at 1960 MHz. For the 30 
Tx filter, it is required to attenuate signals of this band in 
the vicinity of high frequency side of the pass band. In 
this case, the frequency interval between adjacent 
bands of the system is approximately 20 MHz. Accord- 
ingly, a very steep shoulder shape (attenuation charac- 35 
teristics) is required for the SAW filter in order to have a 
sufficient allowance for frequency fluctuation due to 
temperature variation of the piezoelectric substrate con- 
stituting the SAW filter or variable factors such as thick- 
ness fluctuation of Al film during formation of the SAW 40 
filter or the like. 

[0043] Fig. 4 obviously shows that the SAW filter of 
the present invention have steep attenuation character- 
istics at the high frequency side of the pass band com- 
pared with an existing filter. As seen from this example, 45 
we find that the SAW filter of the present invention can 
have a steep shoulder performance at the high fre- 
quency side of the pass band. 

[0044] Fig. 5 is a diagram showing a simulation 
result about the reflectance as a function of the normal- so 
ized film thickness (h/X) and the duty for 36° Y-cut X- 
propagation LiTa0 3 substrate by a finite element 
method. In the figure, the reflectance is shown for one 
electrode finger as the contour. 

[0045] In this piezoelectric substrate, the reflect- 55 
ance has its peak around the duty of approximately 50 
percent for the normalized film thickness in the range of 
from approximately 6 percent to approximately 8 per- 



cent. Accordingly, the favorable characteristics can be 
obtained by setting the duty of the two-port first SAW 
resonator utilizing longitudinal mode coupling to the 
range of from approximately 45 percent to approxi- 
mately 60 percent and the duty of the second SAW res- 
onator to the range of approximately 45 percent or less. 
[0046] In the SAW filter of the present invention, the 
duty of the second SAW resonator is not set on the side 
where the reflectance is made small by increasing the 
duty with respect to the duty where the maximum 
reflectance is obtained at the same film thickness. The 
reason is that the second SAW resonator with a large 
duty (broad) is difficult to form since the second SAW 
resonator is set at the higher frequency side compared 
with the two-port first SAW resonator utilizing longitudi- 
nal mode coupling. 

[0047] Thus, in the SAW filter of the present inven- 
tion, the first and second SAW resonators are formed by 
adjusting the respective duties thereof so that the 
reflectance per electrode finger constituting the IDT of 
the second SAW resonator becomes smaller than that 
of the first SAW resonator. In this way, the resonance 
frequency f r of the second SAW resonator is prevented 
from shifting towards the lower frequency side, even 
when the first SAW resonator and second SAW resona- 
tor are disposed on the same piezoelectric substrate 
with the same film thickness. 

[0048] As a result of the invention mentioned 
above, SAW filters having an excellent pass band char- 
acteristics by the SAW filter in which these SAW resona- 
tors are combined. In particular, the steep shoulder 
shape can be obtained even when inductance compo- 
nents are added to the second SAW resonator due to 
bonding wire or wiring. Accordingly, the SAW filter can 
have a sufficient allowance for variable factors such as 
the frequency characteristics changes due to a temper- 
ature variation of the piezoelectric substrate being used 
for the SAW filter or the fluctuation of the film thickness 
h of the conductive thin film during formation. In addi- 
tion, an excellent performance, reliability and productiv- 
ity of the SAW filters can be obtained. 

(Embodiment 2) 

[0049] Fig. 6 is a diagram schematically showing 
another SAW filter construction example of the present 
invention. This SAW filter is provided with an IDT 16b 
comprising comb-shaped electrodes having apodiza- 
tion structure as a second SAW resonator 20b. 
[0050] Here, in particular, we can prevent the filter 
characteristics deterioration at the high frequency side 
of the pass band due to lateral mode spurious occurring 
when the aperture length of the second SAW resonator 
is large by adopting this structure. 

(Embodiment 3) 

[0051] A SAW filter having a constitution illustrated 
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in Fig. 1 was actually fabricated. 

[0052] As a piezoelectric substrate 100, a 36° Y-cut 
X-propagation LiTa0 3 wafer was employed. 
[0053J On the water consisting of 36° Y-cut X-prop- 
agation LiTa0 3 , a conductive thin film of Al added with 5 
Si, Cu and the like was formed by using a sputtering 
method. The film thickness h of the conductive film was 
set at 0.16 u.m. The film thickness h corresponds to 
approximately 7.4 percent in terms of converted film 
thickness (h/X) normalized by the wavelength X at the 10 
operating frequency. 

[0054] Then, the conductive film was patterned by 
using photo-etching method to form a first SAW resona- 
tor 10 and a second SAW resonator 20 illustrated in Fig. 
1 . The two-port first SAW resonator utilizing longitudinal 15 
mode coupling 10 was patterned to have a duty of 
approximately 50 percent. On the other hand, the sec- 
ond SAW resonator 20 was patterned to have a duty of 
approximately 40 percent. SAW filters having the same 
structure were formed in a large number on the wafer at 20 
once and were separated one by one using a dicing 
method. 

[0055] In an existing SAW filter, film thickness h for 
the first SAW filter 10 and for the second SAW filter 20 
is required to be varied. Accordingly, the area where a 25 
SAW resonator is formed is additionally etched to make 
the film thinner, while covering with a resist the area 
where the other SAW resonator is formed. Alternatively, 
the area where a SAW resonator is formed is addition- 
ally sputtered to make the film thick, while covering the 30 
area with a resist where the other SAW resonator is 
formed. For this reason, the fabricating process of the 
SAW filters is complicated and is in low productivity. For 
instance, as the number of repetition for etching process 
increases and control of the etching states become dif- 35 
ficult because the film thickness of the conductive films 
is required to be varied. 

[0056] In the SAW filter of the present invention, 
both of the first SAW resonator 10 and the second SAW 
resonator 20 can be constituted in the same film thick- 40 
ness h. Accordingly, the length of the conductive film 
formation process and the patterning the formed con- 
ductive film process decreases, and which results in a 
remarkable advance in the SAW filter productivity. 

45 

Industrial Applicability 

[0057] As explained in the above, the filter loss at 
the high frequency side of the pass band can be 
reduced and excellent attenuation characteristics in the so 
vicinity of the high frequency area of the pass band can 
be obtained by the SAW filters of the present invention 
in which the first SAW resonator and the second SAW 
resonator are disposed by adjusting the respective 
duties thereof so that the reflectance per electrode fin- 55 
ger constituting a IDT of the second SAW resonator is 
smaller than that of the first SAW resonator. 
[0058] In particular, a steep shoulder characteris- 
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tics can be obtained even when inductance components 
due to bonding wires or wiring are added to the second 
SAW resonator. Accordingly, the SAW filter can have a 
sufficient allowance for variable factors such as fre- 
quency fluctuation due to temperature variation of the 
piezoelectric substrate being used in the SAW filter or 
thickness fluctuation of the conductive film during for- 
mation of the SAW filter. In addition, characteristics, 
excellent saw filter reliability and productivity can be 
obtained. 

Claims 

1. A surface acoustic wave filter, comprising: 

a piezoelectric substrate; 
a first surface acoustic wave resonator dis- 
posed on the piezoelectric substrate so as to 
have a first duty, the first surface acoustic wave 
resonator being a two-port surface acoustic 
wave resonator utilizing longitudinal mode cou- 
pling and having IDTs each comprising a pair 
of comb-shaped electrodes, and 
a second surface acoustic wave resonator on 
the piezoelectric substrate so as to have a sec- 
ond duty smaller than the first duty, the second 
surface acoustic wave resonator being con- 
nected to a series arm of the first surface 
acoustic wave resonator on the piezoelectric 
substrate and having an IDT comprising a pair 
of comb-shaped electrodes. 

2. The surface acoustic wave filter as set forth in claim 
1: 

wherein the IDTs of the first surface wave resonator 
and the IDT of the second surface acoustic wave 
resonator differ in their thickness. 

3. The surface acoustic wave filter as set forth in claim 
1: 

wherein the first surface acoustic wave resonator 
comprises three or more of IDTs, and a wiring con- 
necting the first surface acoustic wave resonator 
and the second surface acoustic wave resonator is 
disposed so as to go around a pad which is con- 
nected to a ground side electrode of at least one 
IDT electrode pair of the first surface acoustic wave 
resonator. 

4. The surface acoustic wave filter as set forth in claim 
1: 

wherein the piezoelectric substrate comprises a 
36° Y-cut X-propagation LiTa0 3 . 

5. The surface acoustic wave filter as set forth in claim 
1: 

wherein each film thickness of the electrodes con- 
stituting the first surface acoustic wave resonator 
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and the second surface acoustic wave resonator is 
in the range of from approximately 6 percent to 
approximately 8 percent in terms of normalized film 
thickness, and the first duty is in the range of from 
approximately 45percent to approximately 60 per- 
cent and the second duty is in the range of approx- 
imately 45 percent or less. 

6. A surface acoustic wave filter, comprising: 

a piezoelectric substrate; 
a first surface acoustic wave resonator dis- 
posed on the piezoelectric substrate so as to 
have a first reflectance per an electrode finger, 
first surface acoustic wave resonator being a 
two-port surface acoustic wave resonator utiliz- 
ing longitudinal mode coupling and having 
IDTs each comprising a pair of comb-shaped 
electrodes; and 

a second surface acoustic wave resonator on 
the piezoelectric substrate so as to have a sec- 
ond reflectance per an electrode finger smaller 
than the first reflectance per an electrode fin- 
ger, the second surface acoustic wave resona- 
tor being connected to a series arm of the first 
surface acoustic wave resonator on the piezoe- 
lectric substrate and having an IDT comprising 
a pair of comb-shaped electrodes. 

7. The surface acoustic wave filter as set forth in claim 

6: 

wherein the IDTs of the first surface wave resonator 
are disposed to have a first duty and the IDT of the 
second surface acoustic wave resonator is dis- 
posed to have a second duty smaller than the first 
duty. 

8. The surface acoustic wave filter as set forth in claim 
6: 

wherein the IDTs of the first surface wave resonator 
and the IDT of the second surface acoustic wave 
resonator differ in their thickness. 

9. The surface acoustic wave filter as set forth in claim 

6: 

wherein the first surface acoustic wave resonator 
comprises three pairs or more of IDTs, and a wiring 
connecting the first surface acoustic wave resona- 
tor and the second surface acoustic wave resonator 
is disposed so as to go around a pad which is con- 
nected to a ground side electrode of at least one 
IDT electrode pair of the first surface acoustic wave 
resonator. 



10. The surface acoustic wave filter as set forth in claim 55 

6: 

wherein the piezoelectric substrate comprises a 
36° Y-cut X-propagation LiTaQ 3 . 
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1 1 . The surface acoustic wave filter as set forth in claim 
7: 

wherein the normalized film thickness of the elec- 
trodes constituting the first surface acoustic wave 
resonator and the second surface acoustic wave 
resonator is in the range of from approximately 6 
percent to approximately 8 percent, and the first 
duty is in the range of from approximately 45 to 
approximately 60 percent and the second duty is in 
the range of approximately 45 percent or less. 

12. A surface acoustic wave filter, comprising: 

a piezoelectric substrate; 
a first surface acoustic wave resonator dis- 
posed on the piezoelectric substrate so as to 
have a coupling with the piezoelectric substrate 
by a first electromechanical coupling factor, the 
first surface acoustic wave resonator being a 
two-port surface acoustic wave resonator utiliz- 
ing longitudinal mode coupling and having 
IDTs each comprising a pair of comb-shaped 
electrodes; and 

a second surface acoustic wave resonator on 
the piezoelectric substrate so as to have a cou- 
pling with the piezoelectric substrate by a sec- 
ond electromechanical coupling factor smaller 
than the first electromechanical coupling factor, 
the second surface acoustic wave resonator 
being connected to a series arm of the first sur- 
face acoustic wave resonator on the piezoelec- 
tric substrate and having an IDT comprising a 
pair of comb-shaped electrodes. 

13. The surface acoustic wave filter as set forth in claim 
12: 

wherein the first IDT is disposed to have a first duty 
and the second IDT is disposed to have a second 
duty smaller than the first duty. 

14. The surface acoustic wave filter as set forth in claim 
12: 

wherein the IDTs of the first surface wave resonator 
and the IDT of the second surface acoustic wave 
resonator differ in their thickness. 

15. The surface acoustic wave filter as set forth in claim 
12: 

wherein the first surface acoustic wave resonator 
comprises three or more of IDTs, and a wiring con- 
necting the first surface acoustic wave resonator 
and the second surface acoustic wave resonator is 
disposed so as to go around a pad which is con- 
nected to a ground side electrode of at least one 
IDT electrode pair of the first surface acoustic wave 
resonator. 

1 6. The surface acoustic wave filter as set forth in claim 
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12: 

wherein the piezoelectric substrate comprises a 
36° Y- cut X-propagation LiTa0 3 . 

1 7. The surface acoustic wave filter as set forth in claim 
13: 

wherein the normalized film thickness of electrodes 
constituting the first surface acoustic wave resona- 
tor and the second surface acoustic wave resonator 
is in the range of from approximately 6 percent to 
approximately 8 percent, and the first duty is in the 
range of from approximately 45 to approximately 60 
percent and the second duty is approximately 45 
percent or less. 
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